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Abstract

Laser-assisted thinning (LAT) and laser-assisted opening (LAO) are performed as part of human in vitro fertilization (IVF) to
increase the implantation rate in patients with a poor prognosis and in cases of repeated implantation failure. However, an
insufficient number of studies have directly compared LAT and LAO using the same methods. Therefore, we compared the
effects of LAT and LAO on clinical outcomes according to maternal age in patients with repeated implantation failure. This
retrospective study was performed in 509 IVF cycles (458 patients). The cycles were divided based on maternal age and the
method used (< 38 years LAT, n=119 vs. LAO, n =179 and > 38 years LAT, n =72 vs. LAO, n = 139). Cleavage-stage embryos
before transfer were either thinned or opened using a 1.46-um noncontact diode laser. We compared the implantation rates and
pregnancy outcomes of cycles between LAT and LAO according to maternal age. The characteristics of patients did not differ
significantly among the groups (p > 0.05), with the exception of mixed factor infertility, which was more common in the LAT
group than in the LAO group among patients < 38 years of age (10.1% vs. 2.8%, p = 0.008). The LAT and LAO groups showed
similar rates of biochemical pregnancy, clinical pregnancy, ongoing pregnancy, abortion, implantation, singleton pregnancy, and
twin pregnancy (p > 0.05). In conclusion, LAT and LAO had similar clinical outcomes. Therefore, we did not find any evidence
that LAT is superior to LAO. In fact, the patients >38 years of age who underwent LAO tended to have a lower abortion rate.
Further study is necessary to confirm these results in a larger population.
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Introduction

Assisted hatching (AH) is a technique used in assisted repro-
ductive technologies to imitate the natural embryo-hatching
procedure. AH has been used since the late 1980s to improve
the low rates of implantation and clinical pregnancy in patients
with a poor prognosis and embryos with a thick zona pellucida
(ZP) [1]. Since then, several studies have reported the use of
AH to treat embryos with chemical or physical ZP changes in
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patients with conditions such as advanced maternal age [2, 3]
and repeated implantation failure (RIF) [4, 5].

AH involves artificial removal of the ZP, and a variety of
AH methods have been applied, including zona thinning and
zona drilling/opening (digging a hole) using chemical, me-
chanical, or laser energy [6]. Lasers are advantageous in com-
parison to chemical or mechanical opening procedures be-
cause they allow the target to be approached easily, with min-
imal absorption of energy by the embryo. In the laser-assisted
hatching (LAH) process, the target can be accurately con-
trolled, and the LAH has been shown to allow the creation
of openings in the ZP without mechanical or mutagenic side
effects [7, 8]. Although laser systems are among the most
expensive pieces of equipment in the laboratory, they enable
casier, faster, and safer micromanipulation of the ZP, with
consistency among users [9]. LAH can be applied using two
methods. The opening method involves making an artificial
hole in the ZP, while the thinning method involves using laser
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energy to thin the outer wall of the ZP. Some studies have
reported comparisons between laser-assisted thinning (LAT)
and control methods [3, 10] or between laser-assisted opening
(LAO) and control methods [2, 6]. However, an insufficient
number of studies have compared these two methods (i.e.,
thinning vs. opening) of LAH with the goal of identifying
the optimal technique for clinical applications [8§].

A recent retrospective study reported that no statistically
significant differences between LAT and LAO. However, de-
spite their results, they recommended the use of LAT because
thinning was considered less traumatic and because they did
not find that opening had any statistically significant advan-
tages [11]. Therefore, we compared these two types of LAH is
more effective in the rates of implantation and pregnancy out-
comes in young maternal age (YMA; <38 years) and old
maternal age (OMA; > 38 years) patients with RIF.

Materials and methods
Participants

A retrospective study was performed of 509 in vitro fertiliza-
tion (IVF)/intracytoplasmic sperm injection (ICSI) cycles
(458 patients) from January 2013 to July 2017 at Agaon
Fertility Clinic, Seoul, South Korea. The criterion of maternal
age used the cutoff of 38 years, after which ovarian function is
dramatically reduced, as previously described by Stoop et al.
[12]. Our study included the following patient groups to min-
imize influences of the various infertility of patient on clinical
outcomes: (i) had a least two episodes of implantation failure,
and (ii) had an endometrial thickness>8 mm on the day of
embryos transfer. Patients who underwent oocyte donation,
oocyte activation, or genetic diagnosis were excluded from
our data, as well as those who used surrogate mothers.

Participants were divided into four groups according to mater-
nal age and the types of LAH (YMA: LAT, n=119 vs. LAO,
n=179 and OMA: LAT, n=72 vs. LAO, n=139) (Fig. 1).
This study was approved by the Institutional Review Board
(IRB reference number, Agaon IRB-17-003) of Agaon
Fertility Clinic.

Semen collection, semen analysis, and sperm
preparation

All men were identified before collecting semen samples.
Semen samples were collected into a sterilized wide-
mouthed plastic container by masturbation and analyzed after
30 min liquefaction on a slide warmer at 35 °C. The viscosity
in the semen sample was estimated by gentle aspiration using
a plastic disposable pipette, and then the semen was dropped
by gravity and confirmed the length of the viscosity. The se-
men volume was measured directly by aspirating the sample
from the specimen container into a pipette. Total sperm con-
centration, motility, and progressive motility were analyzed
using a Makler counting chamber (Sefi-Medical Instruments,
Haifa, Israel) [13] according to the 2010 World Health
Organization (WHO) guidelines [14]. We immediately
assessed sperm motility within 30 min after liquefaction in
order to limit the damage influences of dehydration, pH, or a
temperature change on sperm motility. The motility of each
sperm was analyzed according to the following criteria:
Progressive motility of sperm is moving actively, either line-
arly or in a large circle irrespective of sperm speed. Non-
progressive motility of sperm is all other motility patterns
without a progression (i.e., swimming in small circles, the
flagella force hardly displacing the head, or when only the
motion of the flagella was observed). Immotility of sperm is
no movement. Sperm preparation was performed using the
swim-up technique, as previously described by Younglai

Fig. 1 Flow diagram of the
retrospective study design. YMA,
young maternal age; OMA, old
maternal age; LAT, laser-assisted
thinning; LAO, laser-assisted
opening
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et al. [15]. One milliliter of the raw semen was placed in 5 mL
round bottom tube, and then 1 mL of sperm medium
was overlaid on the raw semen. After direct swim-up
for 20 min, the supernatant with motile sperm was care-
fully collected and transferred into a 15 mL conical
tube. Concentrated the sperm by centrifugation at
1500 rpm for 5 min and then stored the tube at room
temperature before ICSI.

Ovarian stimulation and IVF/ICSI procedures

All study participants underwent either a gonadotropin-
releasing hormone (GnRH) agonist long protocol or a GnRH
antagonist (Cetrotide, Merck Serono, Roma, Italy) protocol.
Human chorionic gonadotropin (hCG; Ovidrel, Merck
Serono) was administered when the dominant follicles
reached 18 mm in diameter. Oocytes were collected 36 h after
hCG administration under transvaginal ultrasound guidance
with a 19-gauge needle (Dukwoo Medical, Hwaseong,
Korea). Cumulus cell masses around the oocytes were re-
moved using pull-and-cut denudation pipettes in a 5-well cul-
ture dish (MTG, Bruckberg, Germany) containing 27 IU/mL
of hyaluronidase. All oocytes that were mature at 4-6 h after
oocyte collection were inseminated according to the quality of
the spermatozoa and oocytes and the patient’s previous IVF
history [16]. Fertilization was confirmed 17-18 h after insem-
ination by the presence of two distinct pronuclei. Zygotes
were cultured in 30-puL micro-drops with a 1-step medium
(Life Global, Belgium) and overlaid with paraffin oil
(Vitrolife, Gothenburg, Sweden) in an atmosphere of 6%
CO,, 5% O,, and 95% humidity at 37 °C.

Embryo transfer and LAH

On day 3, either two or three embryos were transferred to the
uterus. The choice of the number of embryos to be transferred
was made following the criteria recommended by the
Ministry of Health and Welfare of Korea. The available
embryos were assessed in all patients according to the
criteria of equal and regular blastomeres, a viable blas-
tomere number, and fragmentation ratio, and embryo
transfer was performed using a catheter (COOK Medical,
Brisbane, Australia).

LAH was conducted using the ZILOS-tk Clinical Laser
System (Hamilton Thorne Instruments Biosciences, Beverly,
MA, USA), with a 1.46-um diode-laser at 300 m W through
thinning or opening. The laser system was integrated into the
x 40 objective combination. The laser-objective was attached
directly to the turret of a Nikon Eclipse Ti-U inverted micro-
scope (Nikon Instruments Europe B.V., Badhoevedorp,
Netherlands). The embryos underwent either LAT or LAO in
10- to 20-uL micro-drops consisting of G-MOPS plus medi-
um (Vitrolife). The embryos were fixed in the micro-drops on

the inverted microscope. The size of one laser shot was 5 um
in the ZP using the same total number of 3000-us pulses. In
LAT, the goal of the thinning method was to make the outer
portion of the outer protective glycoprotein layer thinner by a
certain amount. The laser thinning was performed by making
2-3 holes without reaching the inner membrane at a depth of
60-80% of the ZP thickness. In LAO, the laser opening was
made from the outside to the inside of the ZP (Fig. 2). The
same protocol was conducted, as described by Mantoudis
et al. [8]. Hartshom et al. (2005) found no increase in hsp70i
in embryos conducted by the laser [35]. However, other stud-
ies have reported that if embryos are heated above 37 °C then
heat shock protein (hsp) 70i transcription has risen which
could potentially induce the risk of the embryo development
[33, 34]. Therefore, the laser beam was shot towards the ZP
above the perivitelline space between two blastomeres to min-
imize the risk of harming the embryo, under careful control.
The embryos in the micro-drop were washed several times
after LAH and then transferred to a 1-well dish (Falcon
353,653, USA) containing G-2 culture medium (Vitrolife).
LAH was performed 2 to 3 h before embryo transfer. The
embryos were cultured in an atmosphere of 6% CO,, 5%
0,, and 95% humidity at 37 °C.

Clinical outcomes

Patients’ endometria were prepared according to artificial cy-
cle protocols with exogenous estrogens, as previously de-
scribed by Lee et al. [17]. Progesterone in oil (50 mg/day)
was administered daily until an endometrial thickness of
8 mm or more was reached. Biochemical pregnancy was
regarded as a positive 3-hCG level within 14 days after the
ovum pick-up. Clinical pregnancy and successful im-
plantation were indicated by the presence of as a gesta-
tional sac and fetal cardiac activity at 6—7 weeks of
gestation after a positive 3-hCG test. Abortion was de-
fined as complete fetal loss after confirmation of a ges-
tational sac using ultrasound at 12 weeks of gestation.
Ongoing, singleton and twin pregnancies were defined
as those that progressed at 12 weeks of gestation with fetal
cardiac activity.

Statistical analysis

Outcome measures were compared between LAT and LAO
within patient groups defined by maternal age. Statistical anal-
ysis was performed using SPSS version 23.0 (IBM Corp.,
Armonk, NY, USA). The statistical differences between
groups were assessed with the independent-samples  test for
parametric data. Categorical data were analyzed using the chi-
square test. The values were presented as the mean + standard
deviation or number/total (%). P values < 0.05 were consid-
ered to indicate significant differences.
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Fig. 2 Photographs of two types
of laser-assisted hatching. a
Laser-assisted thinning; b laser-
assisted opening (x 400)

Results

We investigated a total of 509 cycles in this study. Patients
were transferred 2 embryos in each cycle. As shown in
Table 1, no significant differences were observed in terms of
female age (33.6 £2.3 vs. 33.9+2.3), male age (35.8 £3.2 vs.
35.5+3.2), the number of previous IVF attempts (2.5 + 0.7 vs.
2.6+0.8), and the type of infertility diagnosis between LAT
and LAO in the YMA group (p > 0.05), with the exception of
mixed-factor infertility, which was more common in LAT than
LAO in the YMA group (10.1% vs. 2.8%, p=0.008).
Nevertheless, the numbers of oocytes retrieved (8.8 £5.9 vs.
8.9+5.2), oocytes matured (93.9% vs. 92.1%), and oocytes
fertilized (75.6% vs. 74.2%) were similar between LAT and
LAO in the YMA group (p>0.05). Additionally, the mean
female age (40.4£2.2 vs. 40.6+2.2), male age (41.1+5.6

Table 1

vs. 41.3+£3.5), the number of previous IVF attempts
(2.6+0.8 vs. 2.6 +0.8), and the type of infertility diagnosis
were similar between LAT and LAO in the OMA group
(p>0.05). The numbers of oocytes retrieved (5.4 £3.6 vs.
6.0 +3.8), oocytes matured (91.0% vs. 91.3%), and oocytes
fertilized (77.2% vs. 78.1%) were also similar between LAT
and LAO in the OMA patients (p > 0.05).

As shown in Table 2, the rates of biochemical pregnancy
(37.0% vs. 30.7%), clinical pregnancy (27.7% vs. 24.6%),
ongoing pregnancy (22.7% vs. 21.8%), abortion (18.2% vs.
11.4%), implantation (17.2% vs. 16.5%), singleton pregnancy
(17.6% vs. 16.2%), and twin pregnancy (5.0% vs. 5.6%) were
not significantly different between LAT and LAO in the YMA
group (p>0.05). Additionally, the rates of the biochemical
pregnancy (30.6% vs. 25.2%), clinical pregnancy (16.7% vs.
18.7%), ongoing pregnancy (8.3% vs. 15.1%), abortion

Characteristics of patients who underwent LAT versus LAO according to maternal age with repeated implantation failure

Maternal age <38 year

Maternal age > 38 year

LAT LAO p value LAT LAO p value

No. of cycles 119 179 72 139
Female age (year) 33.6+23 339+23 0.283 404+22 40.6+£2.2 0.401
Male age (year) 358+32 355+32 0.570 41.1£5.6 41.3+35 0.728
No. of IVF attempts 25+0.7 2.6+0.8 0.297 2.6+0.8 2.6+0.8 0.600
Infertility diagnosis

Female factor 57 (47.9) 89 (49.7) 0.687 48 (66.7) 96 (69.1) 0.451

Male factor 10 (8.4) 24 (13.4) 0.183 1(1.4) 2(1.4) 0.950

Mixed factor 12 (10.1)* 5(2.8) 0.008 10 (13.9) 12 (8.6) 0.280

Unexplained factor 40 (33.6) 61 (34.1) 0.934 13 (18.1) 29 (20.9) 0.535
No. of oocytes retrieved 88+5.9 8.9+52 0.842 54+3.6 6.0+3.8 0.324
No. of oocytes matured 981/1045 (93.9) 1469/1595 (92.1) 0.084 356/391 (91.0) 758/830 (91.3) 0.873
No. of oocytes fertilized 742/981 (75.6) 1090/1469 (74.2) 0.422 275/356 (77.2) 592/758 (78.1) 0.749
No. of embryos transferred 2 2 NA 2 2 NA

Values are presented as mean =+ standard deviation or number/total (%)

” Significant difference

LAT laser-assisted zona thinning; LAO laser-assisted zona opening; /VF in vitro fertilization; NA not applicable
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Table 2 Pregnancy outcomes of

LAT versus LAO according to Maternal age < 38 year Maternal age > 38 year

maternal age with repeated

implantation failure LAT LAO p value LAT LAO p value
Biochemical pregnancy 44 (37.0) 55 (30.7) 0.262 22 (30.6) 35(25.2) 0.404
Clinical pregnancy 33 (27.7) 44 (24.6) 0.543 12 (16.7) 26 (18.7) 0.715
Ongoing pregnancy 27 (22.7) 39 (21.8) 0.854 6 (8.3) 21 (15.1) 0.163
Abortion 6(18.2) 5(11.4) 0.397 6 (50.0) 5(19.2) 0.052
Implantation® 41(17.2) 59 (16.5) 0.811 16 (11.1) 31(11.2) 0.990
Singleton pregnancy 21 (17.6) 29 (16.2) 0.744 6 (8.3) 18 (12.9) 0.317
Twin pregnancy 6 (5.0) 10 (5.6) 0.498 0 (0.0) 3(22) 0.553

Values are presented as number or number/total (%)

*Implantation is presented as number of gestational sac per number of embryos transferred (%)

LAT laser-assisted zona thinning; LAO laser-assisted zona opening

(50.0% vs. 19.2%), implantation (11.1% vs. 11.2%), singleton
pregnancy (8.3% vs. 12.9%), and twin pregnancy (0.0% vs
2.2%) were also similar between LAT and LAO in the OMA
group (p > 0.05).

Discussion

In this study, we investigated whether there were any differ-
ences in the clinical outcomes between LAT and LAO in pa-
tients with RIF according to maternal age. No statistically
significant differences in clinical outcomes were found be-
tween the two methods in either the YMA or the OMA group.

The premise of this study was based on the findings of previ-
ous studies that AH could improve the rates of implantation and
pregnancy in OMA patients and patients with RIF [2, 6, 26].
Blastocysts must hatch from the ZP before being implanted in
the endometrium. The hypothesis underlying the AH is that mod-
ifying the ZP might improve the hatching and implantation rates
of embryos that do not have the ability to escape from the ZP [1,
18]. Since then, many studies have applied AH to treat women
whose embryos have undergone chemical or physical ZP chang-
es. However, despite the efforts of many researchers, discor-
dances persist in the results of AH [19-21], and some studies
have reported that some patients observed no benefits from the
use of AH [3, 4, 22]. These discrepancies are thought to be due to
differences in AH methods and techniques, experimental design,
freezing methods, and patient characteristics [23].

AH can be performed using mechanical, chemical, or laser
energy. The mechanical method uses a micromanipulator with
an injection and a holding pipette. The embryos are held in
position by the holding pipette, the injection pipette is passed
through the ZP, and then the embryo is gently rubbed until the
ZP is opened [24]. The processing time of the mechanical meth-
od is fast, but the size of the hole in the ZP is not consistent. The
chemical method is performed by preloading an acid Tyrode’s
solution—filled microneedle at the 3 o’clock position and

injecting it in either the empty perivitelline space or extracellular
fragments [25]. The chemical method requires the skill of an
experienced researcher because of the need to minimize expo-
sure of the embryos to the toxic acid solution. Lastly, LAH can
be applied through an opening or thinning [6, 9]. Compared with
the chemical and mechanical procedures, LAH has the advan-
tage of enabling the easy removal of the ZP by approaching the
embryos in a non-contact mode. The laser light delivery system
has the advantage of being able to access the target accurately
with minimal absorption by the embryo. Furthermore, the laser
target is applied to thin or open the ZP without mechanical or
mutagenic side effects [7, 8]. A review reported that LAH is
currently one of the safest and most effective methods of AH [9].

Previous studies have compared LAT or LAO with other
methods [3, 10], rather than comparing the two LAH methods
[2, 6]. Therefore, an insufficient number of studies have di-
rectly compared these two laser-based methods [8]. A recent
retrospective study reported no statistically significant differ-
ences between the two methods [11]. Their results are consis-
tent with ours. However, despite their results, they recom-
mended the use of LAT, because LAT involves a smaller hole
in the ZP, which is thought to be less likely to lead to embryo
damage than the larger hole created by zona drilling/opening
[24]. Additionally, embryos opened using acidic Tyrode’s so-
lution and partial zona dissection may undergo a first division,
potentially increasing the incidence of monozygotic twin
pregnancies after embryo transfer [27, 28]. In contrast, LAT
is considered less traumatic and may offer advantages over
mechanical and chemical AH methods of making holes [29].
However, according to previous studies, LAT alone is not
sufficient to induce complete blastocyst hatching and to pro-
mote implantation, suggesting that the inner layer of the ZP
should be completely removed [8, 30]. In a recent mouse
study using a time-lapse system, the frequency of complete
hatching was 33.9% in the zona-intact control group, 94.4%
after LAO, and 39.3% after LAT (p <0.0001). In total, 60.7%
of the zona-thinned mouse embryos did not complete the
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hatching process and remained trapped in the zona-thinned
area, and embryos also hatched in areas where the ZP was
not thinned. As a result, the researchers suggested that LAT
should not be considered as a method for AH [31].
Furthermore, a recent prospective randomized study reported
that adequate LAO improved the subsequent hatching rate in
studies using a time-lapse system [32]. According to the re-
sults of those studies, LAT may increase the incidence of
monozygotic twin pregnancies to a greater extent than LAO.

We did not find any evidence that LAO posed a high risk of
damage to the embryo, and the laser targeting method used in
our study also a minimized the risk of damage to the embryo.
We think that removing the ZP with a uniform thickness using
LAT, regardless of size, may require a long period of work
time for less experienced embryologists. It has been previous-
ly reported that LAO can minimize the external exposure of
the embryo due to the short period of work time [23]. In our
data, although there were no statistically significant differ-
ences between LAO and LAT, the OMA patients who
underwent LAO tended to have a lower abortion rate.

This study has some limitations. The number of LAT cycles
was smaller than the number of LAO cycles. However, the
total number of embryos transferred (1018 embryos) in this
study was larger than a previous retrospective study (432 em-
bryos) [11]. Secondly, we did not compare LAO with various
amounts of LAT. The ZP area of LAH was approximately the
same in the LAT and LAO groups. Further research is needed
to compare the effects of LAO and various amounts of LAT on
clinical outcomes, as results regarding the amount of LAT in
the ZP of human embryos remain inconclusive [23]. To the
best of our knowledge, this is the first published study to focus
on a comparison of two types of LAH (i.e., LAT and LAO)
according to the maternal age (i.e., < 38 years and > 38 years)
of patients with at least two episodes of implantation failure.

In conclusion, LAO and LAT had similar clinical outcomes
regardless of maternal age in patients with RIF. Therefore, we
did not find any evidence indicating that LAT is superior to
LAO. In addition, the OMA patients who underwent LAO
tended to show a lower abortion rate. Further study is neces-
sary to confirm these results in a larger population.
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